Correlation between protein binding strength on immobilized metal affinity chromatography and the histidine-related protein surface structure.
Immobilized metal affinity chromatography (IMAC) was investigated for its ability to characterize the histidine-related surface structure of a protein, that is, a histidine residue's surface accessibility and its potential involvement in intramolecular interactions. T4 lysozyme was chosen as the model protein. Seven amino acid sites were selected on the basis of their relative surface accessibility, and they were substituted with histidine via site-directed protein mutagenesis to generate seven T4 lysozyme variants, each containing only one histidine residue on its surface, with various surface accessibility. IMAC was then used to experimentally quantify the interaction of each lysozyme variant with immobilized copper ions. A direct correlation was shown between the protein binding affinity and the surface accessibility of the histidine residue. Of all the lysozyme variants, K83H and K147H showed unusually low binding strength, as compared with variants having a histidine residue with a similar surface accessibility. However, with the aid of molecular modeling, their relatively low binding affinities were predicted to be the result of the involvement of the histidine residue in intramolecular interactions. In contrast to previously reported results, our results showed that lysozyme still binds to the IMAC column, even if its histidine residue is involved in intramolecular bonding, such as a hydrogen bond, albeit at reduced strength, as compared with the variant containing a histidine residue with a similar surface accessibility.